According to the preference-performance hypothesis (PPH), also known as 'mother-knows-best 19 hypothesis', herbivorous insects prefer those plants for oviposition, which yield the best offspring 20 performance. Yet, most studies testing the PPH neglect the possibility that plant responses to insect 21 eggs may affect both egg survival and larval performance. Here, we tested the PPH by studying 22 36 37 Keywords: Preference-performance hypothesis, Hypersensitive response, Brassicaceae, Pieridae, 38 egg-killing, priming 39 40
responses of seven Brassicaceae plant species to oviposition by two cabbage white species. When 23 including the egg phase, our study supports the 'mother-knows-best hypothesis': larvae of Pieris 24 rapae (solitary) or P. brassicae (gregarious) gained most weight on those plant species which had 25 received most eggs (B. nigra or B. montana, respectively). However, our experiments did not reveal 26 any relationship between oviposition preference and egg survival. Brassicaceous species are known 27 to respond to these butterfly eggs with a hypersensitive response (HR)-like necrosis, which can 28 lower egg survival. Pieris eggs frequently induced necrosis in five of the tested plant species. 29 Survival of clustered P. brassicae eggs was unaffected by HR-like in four of the five species. 30 Therefore, our experiments did not reveal any relationship between P. brassicae egg survival and 31 oviposition preference. Females of P. rapae preferred oviposition on plant species which most 32 frequently showed HR-like necrosis. Remarkably, although egg survival was lower on HR-like 33 plants, larval biomass was higher compared to plants without a necrosis. We conclude that egg 34 survival does not seem to be a deciding factor for oviposition choices. However, egg-mediated plant 35 responses might be important to explain the PPH of the two Pieris species.
Introduction 50 Host-plant selection for oviposition by insect females is a decisive step in establishing a new 51 herbivore generation (Gripenberg et al., 2010; Thompson, 1988a, b ; Thompson and Pellmyr, 1991) . 52 The preference-performance hypothesis (PPH) or 'mother-knows-best' hypothesis states that 53 natural selection favors those insect females which prefer host plants where the offspring performs 54 best, especially when immature stages are less mobile than adults. A good host plant is usually 55 characterized either by high food quality and/or by enemy-free space (Craig and Ohgushi, 2002; 56 Gripenberg et al., 2010; Jaenike, 1990; Mayhew, 1997 Mayhew, , 2001 . Indeed, the PPH is supported by 57 numerous studies of butterflies and moths (Forister, 2004; Forister et al., 2009; Harris et al., 2001 ; 58 Thompson, 1988a, b ; Thompson and Pellmyr, 1991) . However, there are also numerous studies of -infested plants may be worse than on egg-free plants (Hilker and   78 Fatouros, 2016). Additionally, but less frequently shown so far, egg deposition can suppress plant 79 defenses against larvae (Reymond, 2013) . The effects of egg deposition on subsequent plant 80 defenses against larvae that hatch from the eggs have been extensively overlooked until recently, 81 with most studies on larval performance being conducted by placing larvae onto an egg-free host 82 plant (Hilker and Fatouros, 2015, 2016 The aim of this study is to elucidate whether the PPH still holds when not only considering 98 relationships between oviposition preference and larval performance, but also when including egg 99 survival rates and egg-induced changes in plant suitability for feeding caterpillars. Therefore, we 100 investigated oviposition preference, egg survival and larval performance of Pieris brassicae and P. Butterfly oviposition preference 147 To determine which plant species is preferred for oviposition, we simultaneously offered the above- The two butterfly species were tested in separate cages at different time points in a greenhouse 152 compartment (23 ± 5 °C, 50-70% RH, L16:D8). After placing the plants inside a cage, one mated 153 female butterfly was released. The number of P. rapae eggs or P. brassicae egg clutches, 154 8 respectively, was counted on each plant three hours after release of the butterfly. Preliminary 155 experiments showed that most butterfly females will make an oviposition choice within this time 156 period.
158
Plant treatments for performance tests 159 To assess egg survival rates and performance of larvae on previously egg-deposited plants, a plant 160 individual of each species was infested with either P. rapae or P. brassicae eggs. Each plant was 161 placed in a cage, which was located in a climate room (21 ± 1°C, 50-70% RH, L16:D8). The first 162 fully developed leaf of each plant (fourth or fifth from the top) was exposed to either P. brassicae 163 or P. rapae butterflies for egg deposition, while the rest of the plant was covered with a fine mesh. 164 We limited the number of eggs deposited onto a plant to 20 eggs of P. brassicae (laid in a clutch) 165 and to eight single P. rapae eggs per plant. Limiting egg deposition was done by observing the Supplementary Table S2 ). Overall, induction of HR-like necrosis did not significantly affect egg 262 survival (χ 2 = 0.41, df = 1, P = 0.52, GLMM), while the interaction between the factors ´HR´ and 263 ´plant species´ significantly affected survival of P. brassicae eggs (χ 2 = 30.83, df = 4, P < 0.001, 264 GLMM). On B. montana, egg survival was much lower on the two plants expressing HR than on 265 the seven non-HR-plants ( Figure 3A , Supplementary Table S3 ).
267
Solitary species. The plant species selected by P. rapae females did not significantly affect egg 268 survival (χ 2 = 11.19, df = 6, P = 0.08, GLMM, Figure 3B ). Six out of the seven tested plant species 269 expressed HR-like necrosis induced by P. rapae eggs ( Figure 3B , Table 1) Figure 4B ). For P. brassicae, this correlation was not significant (S = 67.72, ρ = 283 0.19, P = 0.64, Spearman correlation, see Figure 4B ). depending on the plant species they were feeding on (χ 2 = 12.44, df = 6, P = 0.05, LMM, Figure   288 5A). However, the plants´ response to prior egg deposition significantly affected performance of P. 289 brassicae larvae. Seven-day-old larvae developing on plants that previously had received eggs (EF) 290 performed significantly worse than those on plants that had not received eggs (F) (χ 2 = 5.27, df = 1, 291 P = 0.02, LMM, Figure 5B ). This egg-mediated effect on anti-herbivore plant defense was Figure 5A ). When excluding the occurrence of HR-301 like necrosis induced by egg deposition, egg infestation preceding larval feeding did not affect 302 larval weight (χ 2 = 0.001, df = 1, P = 0.97; LMM, Figure 5B ). Neither did the interaction between 303 egg infestation and plant species affect larval weight (χ 2 = 1.09, df = 6, P = 0.98, LMM, Figure 5B ). 304 Yet, larvae feeding on EF plants expressing an HR-like necrosis were significantly heavier than 305 those feeding on EF plants that did not show HR-like necrosis (χ 2 = 4.14, df = 1, P = 0.04, LMM, In addition to the weight of seven-day-old larvae, we also analyzed how the weight of three-day-old 340 15 larvae is related to oviposition preference, to effects of prior egg deposition and expression of HR-341 like symptoms (compare Supplementary Figures S3, S4 , and supplementary description of results). 342 Two major differences were found when comparing the relationships of seven-and three-day-old 343 larvae with the above-mentioned parameters. First, while weight of seven-day-old P. brassicae 344 larvae and oviposition choices correlated significantly ( Figure 6A ), no such significant relationship 345 was found when analyzing this relationship for three-day-old larvae and egg load (S = 30, ρ = 0.46, 346 P = 0.30, Spearman correlation, Supplementary Figure S4A ). As for seven-day-old caterpillars, the 347 weight of three-day-old P. rapae larvae feeding upon HR-expressing plant species gained 348 significantly more weight than larvae on non-HR-expressing plants (χ 2 = 8.12, df = 1, P = 0.004, 349 LMM, Supplementary Figure S3C ). Plant species and interaction between both factors did not have 350 any effect (χ 2 = 7.44, df = 6, P = 0.28 and χ 2 = 0.35, df = 3, P = 0.95, LMM, respectively). 351 Correlation analysis for three-day-old P. rapae caterpillars did not reveal a significant correlation Our study revealed that preferences and performances differ between the two butterfly species, 434 which might be due to differences in oviposition modes of the butterfly species. The egg-laying 435 mode might have affected egg survival when the plants expressed HR-like necrosis. When the 436 plants received the singly laid eggs of P. rapae, we found a positive correlation between oviposition 437 preference (fraction of eggs laid) and expression of HR-like necrosis (fraction of plants expressing 438 HR). In contrast, no correlation was detected between these parameters when the plants received 439 gregariously laid eggs of P. brassicae. In a previous study (Griese et al., 2017), we showed that 440 expression of HR-like by B. nigra in response to P. brassicae did not affect survival of P. brassicae 441 eggs when laid in clutches; however, when P. brassicae eggs were experimentally kept singly, they 442 clearly suffered from low humidity at the oviposition site, which is characteristic of necrotic leaf 443 tissue (Shapiro and DeVay, 1987) . Hence, our current study supports the assumption that egg-444 19 induced HR-like has negative effects especially on survival of singly laid eggs (as those of P. 445 rapae) rather than on clustered eggs (as those of P. brassicae). This is further supported by previous 446 studies which showed that single eggs of P. rapae as well as of P. napi suffer high mortality when Table S3 . Results of single GLMs for each plant species tested for the influence of HR expression 501 separated for P. brassicae on egg survival, used as a post hoc test. 502 Figure S1 . Correlation between the number of eggs laid and plant fresh weight. 
